Photographic identification is an emerging method for recognising wild animals. This harmless methodology allows researchers to identify "naturally marked" individuals and therefore study their specific ecology and behaviour. However, before incurring potential data loss, it is recommended to test the methodology on the target species and evaluate the pros and cons. We assessed the reliability of photographic identification in adult Hydromantes salamanders from three species. Specifically, we assessed whether the dorsal pattern of adult salamanders changed over time, thus evaluating its potential use as a reliable marking methodology. We used capture-mark-recapture and controlled conditions (i.e. individuals kept in fauna boxes) to evaluate potential changes in the dorsal pattern of Hydromantes through time. We did not observe any change in the dorsal pattern in the three species during the study period. Photographic identification might be a useful marking technique for these endangered species. However, these animals are usually found in environments generally lacking light and thus, researchers must be careful in setting up proper light conditions to produce suitable pictures for individual identification of Hydromantes.
Introduction
Photographic identification of wild animals is gaining popularity amongst researchers conducting studies on single individuals (e.g. home range, migration) (Salvidio et al. 1994; Sharifi and Afroosheh 2014) and population dynamics (Martin-Smith 2011; Morrison et al. 2011) . The popularity of this approach is mainly due to the lack of individual mutilations (and potential negative side effects) and for its potential low cost (Davis and Ovaska 2001; McCarthy and Parris 2004; Sacchi et al. 2010) . Therefore, photographic identification is an excellent approach that raises only minimal ethical issues and that can be applied to endangered species (Sharifi et al. 2013) . Computer programmes, designed to improve and speed up individual photo recognition, make it easier to apply photographic identification to large populations (Bendik et al. 2013; Town et al. 2013; Sacchi et al. 2016; Treilibs et al. 2016 ). However, photographic recognition also has some limitations. First, this method only works well for species that have a defined pattern but its application is challenging in species having uniform colouration (Carafa and Biondi 2004; Martin-Smith 2011; Rocha et al. 2013; Carpentier et al. 2016 ). In addition, it does not allow monitoring the development of young individuals into adults in species where the pattern changes during ontogenesis (Lanza et al. 2006 ). Furthermore, photos taken in poor lighting conditions and with individuals improperly positioned (e.g. with covered body areas) cannot be used. In the worst case, this only becomes evident after returning from the field, risking significant data loss (Bailey 2004; Morrison et al. 2011) . Finally, animals must be handled to get appropriate pictures, which may cause considerable stress depending on the handling time (Lunghi et al. 2016; Samimi et al. 2016 ; but see Bradley and Eason 2018) .
European Hydromantes comprise eight species for which there is a growing interest in their ecology and life history, as they are all of conservation concern (Rondinini et al. 2013). These species show particular pigmented patterns (Ambrogio and Mezzadri 2017 ), yet less conspicuously than in other salamanders, so it is unclear if their patterns can be reliably used for individual identification. In only one study, the photographic identification was used to individually recognise Hydromantes, although no test assessing its reliability on this genus was ever performed (Salvidio et al. 1994) . In this study, we assessed the stability of the dorsal pattern in the European cave salamanders (genus Hydromantes; see Wake 2013 for taxonomic discussion).
Methods
We combined photographic identification with two other methods to independently ascertain the identity of individual salamanders: i) Individuals were additionally marked with Visual Implant Alpha tags or Visual Implant Elastomers, methodologies providing unequivocal salamander identification (Lunghi and Veith 2017; Lunghi and Bruni 2018) ; ii) Salamanders were kept individually in fauna boxes and regularly photographed for several months.
We used three species of Hydromantes, two from Sardinia (H. flavus, H. sarrabusensis) and one from mainland Italy (H. italicus). We focused only on the dorsal pattern of adults as, in juveniles, it changes throughout development (Lanza et al. 2006; Ambrogio and Mezzadri 2017) . Marked individuals of H. flavus (N = 65) and H. italicus (N = 28) (Lunghi and Veith 2017; Lunghi and Bruni 2018) were photographed and released in the wild; for H. flavus we performed 12 surveys over a period of ten months (September 2015 -June 2016), while for H. italicus, 14 surveys over a period of five months (April -August 2018). During each survey, recaptured marked individuals were photographed with digital cameras to check the stability of the dorsal pattern. Furthermore, two adult females of H. sarrabusensis were kept in a controlled environment (i.e. fauna boxes inside the cave) for twelve months (May 2016 -April 2017; ; invertebrates were monthly provided to feed salamanders and, on those occasions, potential changes in dorsal pattern were assessed. Considering that we did not use a standardised methodology to take pictures, photos were manually checked in order to identify areas recognisable for their combination of both dark and light pigments (hereafter: shapes). For each individual, at least four different shapes (up to twelve) were identified and used as a diagnostic character (Fig. 1) . When pictures did not clearly show the salamanders' dorsal pattern (Figs 2B-C), they were discarded and not used in any further comparison.
Results
We captured three adult individuals of H. flavus at least twice (up to 3 times; average number of captures = 2.33 ± 0.58 SD), with a maximum time of eight months between the first and last observation ( Fig. 1A-B ). We captured eight individuals of H. italicus at least twice (up to 4 times; average number of captures = 2.5 ± 0.76 SD), with a maximum time of three months between the first and last encounter. On several occasions, individuals did not remain still during photo shooting, so we needed to position them several times, considerably increasing handling time (usually > 15 seconds per picture). The recaptured individuals did not exhibit changes in their dorsal pattern and were clearly recognisable in images of adequate quality (Fig. 2) . Individuals of H. sarrabusensis, kept in fauna boxes, did not exhibit changes in their dorsal pattern in the course of the year of monitoring (Fig. 1C-D ).
Discussion
Adult Hydromantes showed a stable dorsal pattern throughout the study period. The photographic recognition is therefore a potential method for individual identification of these endangered species. This method was used only once in Hydromantes strinatii (Salvidio et al. 1994) ; researchers photographed the back limbs of adult salamanders, but tests on the reliability of this approach in these salamanders are still lacking. Even considering the limited sample size (N = 13), our data suggests that adults' dorsal pattern does not change over time. A similar sample size provided useful information on the stability of the dorsal pattern in the Tiger salamander Ambystoma tigrinum (Waye 2013) . We therefore believe that the dorsal pattern of Hydromantes is more suitable for recognition than that of their limbs (Fig. 1 ), as the latter shows less surface (and shapes as well) and occurs in a highly mobile body part, complicating individual recognition. Although photographic identification of cave salamanders is potentially useful for individual recognition (Bradley and Eason 2018) , some challenges deserve attention.
First, individuals need to be handled in order to accurately photograph their dorsal pattern (Bradley and Eason 2018) . This produces high stress, especially during prolonged handling (Lunghi et al. 2016; Samimi et al. 2016) . Handling time is strongly reduced in other marking methods (i.e. Visual Implant Elastomers; Davis and Ovaska 2001; Lunghi and Bruni 2018) and thus, apart from the first tag injection, a quick and reliable individual recognition method may reduce stress to the animals, thereby increasing data quality. Furthermore, cave salamanders are generally found in underground environments or outside at night when the lack of light makes it difficult to obtain photos of high quality useful for individuals' recognition (see Fig. 2 ). The images we shot in a controlled environment using appropriate tools (i.e. soft box, multi-ple flashes) always resulted in high quality ( Fig. 2A) . On the contrary, many pictures did not show enough quality in the absence of the above-mentioned conditions ( Fig.  2B-C) , requiring a significant amount of time to confirm individual recognition. Photo previews on camera screens do not always allow a proper quality check, so incorrect photo settings may only be detected post hoc in the lab. This can irreversibly reduce data reliability. Plethodontid salamanders must keep their skin moist because of cutaneous respiration (Spotila 1972; Lanza et al. 2006) . As a consequence, light reflection on the skin adds further constraints since part of the salamander's dorsal pattern is often covered by the light's reflection (Figs 2B-C) . Finally, when a large number of individuals are photographed, identification may become complex because of the large number of pictures that have to be compared. In this circumstance, the use of appropriate software can greatly speed up picture comparisons (Sacchi et al. 2016; Treilibs et al. 2016 ). However, the use of such method requires researchers to follow a specific standardised data collection along with individuals' manipulation (Bradley and Eason 2018) .
We conclude that the dorsal pattern could be employed in individual identification of sexually mature Hydromantes (Lanza et al. 2006; , while more specific studies are needed to shed light on the variability occurring in juveniles. However, we urge that all necessary precautions must be taken to increase picture quality and reduce misidentification of individuals. The use of automatic recognition using standardised scoring softwares may speed up identification (Speed et al. 2007; Rocha et al. 2013; Bradley and Eason 2018) , but its applicability on Hydromantes still needs to be tested. 
